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MTEOnJCTION 



As a result of a request by the Arrpy Air Corps ^ a propeller 
submitted "by the Wickvri re -Spencer Steel Company was tested to 
determine the aerodytLamlc properties • The propeller was designed 
for operation on a sraaAl target airplane capable of flying at 
about 200 miles per hour at I600 feet altitude ^rlth a I75 -horsepower 
engine. The pitch of the propeller is intended to be controlled in 
flight automatically by forces set up within the propeller itself. 

Although the chief object of the tests was to determine the 
basic aerodynamic properties of the propeller, a few additional 
tests were made to determine the fiuictlonal characteristics of the 
controllable mechanism. 



APPARATUS AND IffiTEOEG 



The tests were conducted in the propeller-research tunnel of 
the NACAt Figure 1 shows the wing-nacelle combination on which the 
propeller was moujited. The wing, of MCA 23019.5 section, had a 
span of 15 feet and a chord of 7.2 feet. All tests were run at 
zero .angle of attack. The radial engine nacelle was 2h.^ inches in 
diameter and was fitted with a pearf orated plate to si.mlate the 
resistance of rm engine to the flow through the cowling. 

The electric motor used to di-*ive the propeller was overloaded 
to develop 22 horsepower at 1200 rpm. It was mounted inside the 
wing and drove the propeller through an extension shaft. 

The propeller blades were of lejninated wood construction, fitted 
in metal sleeves to provide rotation within the hub. (See fig. 2.) 
The tips were metal covered. The blades incorporated an. extended 
trailing edge with a reflex camber over the inner half of the tip 
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radius • Thia reflex trailing edge was removed for part of the test 
prograin^ Figure 2 shows the "blade form with and without the reflex 
trailing edge. The "blade form curves for "both conditions are given 
in figure 3 • 

Tests of two methods of pitch regulation were mB.de # For one 
method the pitch angle assumed by the "blades was determined "by a 
halance "between the moment of the centrifugal force on the hlade- 
counterweigjit assembly and a moment applied to the -blade vootB by 
the engine torque. In this case the engine torque is applied to 
a bevel gear which is meshed \7ith gears fastened to the blade:: in 
such a way as to tend to turn the blades toward a low pitch position. 
This gear system also serves the purpose of keeping the two blades 
at the same pitch. The coiuiterweights were attached to the blade 
roots in such a maimer as to coimteract the engine torque and tend 
to turn the blades in the high-pitch position. The two moments 
wo\ild balance at one rotational speed which would be independent of 
airspeed or altitude. 

In the other method the engine torque is applied in the normal 
method directly to the hub. The pitch angle assumed by the blades 
Is in this case determined by an equilibrium between the aerodyn-amic- 
moment of the reflex-trailing-edge blade and the moment of the 
centrifugal force of the counterweigiits . Ic'ling (<eojr3 are used to 
insure that the blades will each be at the same pitch at all times. 

Tests were made with the blades locked at several pitch settings 
of from 10^ to 35^ to obtain the basic aerodynamic characteristics 
of the propeller with both blade forms. The method of running these 
tests was to increase gradually the tunnel velocity with the 
rotational speed held constant at its m^imum value 'ontil the tunnel 
speed -reached its maximum value of 100 miles per hour. The 
remainder of the desired V/nD range was obtained by reducing the 
rotational speed. This same method was used in the functional tests 
to deteiwie the pitch regulation characteristics of the propeller- 
In the latter case the above procedure was also- repeated in the 
reverse sequence to obtain the effect of friction. 

A bank of total -head tubes was mounted behind the propeller 
disk to determine the effect of the bwo reflex trailing edges on 
thrust diritribution. The bank of tubes was supported independently 
of the model. 



RESULTS AND DISCUSSION 



The propeller results are presented in the form of the 
nondimensional coefficients, as follows: 
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is the effective thrust^ namely^ measured thrust plus the 
"body drag measured separately 

p mass density of air, slugs per cuT)ic foot 

n rotational speedy rpa 

D diameter^ feet 

V airspeed, feet per second 

Also, the slipstream distrlhution is given in terms of pressure 
ratio, H/q, vrtiere 

H is the total pressure and 

q is the dynamic pressure, |pV^ 



The results are presented in the follo^ang figures: 



Figiire k 
Figure 5 
Figure S 
Figure 7 
Figure 8 
Figure 9 
Figure 10 
Figure 11 
Figure 12 
Figure I3 
Figure Ik 

Figure I5 
Figure I6 
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GonveAtional trailing edge 

conventional trailing edge 

eonventional trailing edge 

conventional trailing edge 

reflex trailing edge 

reflex trailing edge 

reflex trailing edge 

reflex trailing edge 

efficiency envelope conrp-arison^ 

pressure distribution behizid propellers 

functional results for automtic operation - 
engine torque versus centrifugaJ. force 

aerocJynamic characteristics of propeller when 
in automatic operation - engine torque versus 
centrifuge! force 

fivnctioncl resiats for autome.tic operation - 
aero d^^namic ally stabilized "blades 



Aerodynamic tests.- As one method of automatic pitch control 
required the presence of reflexed trailing edges, it was desirable 
to determine the penalty imposed by this additional portion of the 
blades. Tests were made, therefore, with the reflexed trailing 
edges intact, and also with them removed. In figure 12 it may be 
seen that the propeller was from 1 to 2 percent more efficient with 
the trailing edges trimmed to conform to convontionca practice than 
with them intact. 



As the hub was rather large and not contained -^rithln a spinner, 
a separate drag run was made to determine the effect of the hub on 
the drag of the body. This hub drag was used in coirecting the 
envelope efficiency curve for the application wherein the hub would 
be enclosed within a spinner. This correction aiaounted to from 0 
to 2 percent, depending upon the Y/nD. The maximum corrected 
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efficiency for the conventional "blade form thus reached 85 percent 
at a pitch setting of 35^. This efficiency is within a percent or 
so of what would be expected from met.al blades. 

As the reflex trailing ed^es are intended to provide a nearly 
constant or zero aerod;^''namic moment about the center of rotation of 
the blades, they Liust create a drag force at the trailing edge. It 
would be expected, therefore, that this drag force would I'esult in 
a loss in thrust. In figxire I3 are plots of the preswsure distri- 
bution in the slipstream, for both types of blades . It may be noted 
that the reflex trailing edge d:id result in a loss in thrust, 
particularly for the lower pitch settings. At 1^^ the entire thrust 
was concentrated at the oiiter half of the blades, where no reflex 
existed, for the propeller with reflex trailing edges; whereas it 
was concentrated nearer the center of the blades for the propeller 
with conventional trailing edges . 

Functional test s.'" In figure Ik are shoTO plots of power 
coefficient obtained wj/th automatic pitch operation for the 
propeller employing torque and centrifugal force as the pitch 
changing forces . These plots are supei^osed on plots of power 
coefficient obtained with the pitch fixed at various singles . It 
may be noted that with the large counterweiglits set 10^ with respect 
to the normal of the blade chord line the power coefficient remained 
fairly constant through a wide range of blade angles. The total 
variation in power coefficient was only 6 percent for a 1^^ pitch 
change, indicating that the engine speed variation would be only 
2 percent. For sm.aller pitch changes, as is contemplated, the 
power coefficient and engine speed could be held nearly constant. 
Of further interest is the fact that either a decreasing or increasing 
power coefficient may be obtained by adjusting the weight, which may 
be useful for compensating for the loss or gain in power with altitude 
for certain installations . It may be further noted that the value 
of the power coefficient was nearly proportional to the size of 
the vreight used. A smpj.1 weight provided a power coefficient of 
approximately O.0I4-, as against O.08 for the larger weight. 

It should be pointed out that inasmuch as the pitch is controlled 
by engine power and centrifugal force, the blades will adjust themselves, 
maintaining a constant irpm for a constant torque or power. The effect 
of air density and airspeed on this equilibrium rotational speed 
would be small for nomaJL blade configurations for which the aerodynamic 
moment is small relative to the moments derived from the engine torque 
and centrifugal force . 

The effect of the reflex trailing edge on the operational 
characteristics of the propeller designed to operate with torque and 
centrifugisl force was inconsequential, as may be noted by comparison 
of figures l4(a). and ihili) . 
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In figure lh{c) are Ghovm the tew^t point^s for increasing and 
decreasing airspeed^ which provide a measure of the effect of friction 
on the operational characteristics ♦ It may "be noted that, in general, 
the effect of friction vas negligible, even though the propellers 
vere driven "by an electric motor. 

In figure I5 are shovm the complete aerodyxiamic characteristics 
of the propeller when operating with the pitch controlled "by torque 
and centrifugal force* 

In figure I6 are sho^vn the results from the only successful 
run of the propeller operating with the blades aero dynamically 
stabilized. This test was obtained only after the gears were 
removed which held the blades at equal pitch values • The operation 
was fairly satisfactory for the first part of the run, but at a 
pitch setting of neai^ly ^0^ one blade snapped over to a high pitch 
while the other blade went to the low pitch stop, resulting in 
considerable vibration. The test was terminated at this point. 
Kc successful functional test was obtained with the blade 3;ynchroni2ing 
gears in place, as it appeared that the actuating forces were too 
small in proportion to the friotional forces • 

The feathering characteristics of the aerodynamicaJJ.y stable 
propeller were investigated by cutting the :aotor power while the 
tunnel continued to nm. The blades were observed to aline them- 
selves with the wind and the motor speed reduced to zero. The high 
pitch stops prevented a similar experiment for the torque -centrifugal 
force actuated propeller, althou^Ji it was observed that the pitch 
always increased to the higli pitch stop when the motor power was cut, 
as would be expected from the balance of forces . 



CONCLUGICIIS 



1. The maximum efficiency obtained ranged between 3o and 85 percent, 
depending upon whether reflex trailing edges were incorporated in the 
blade design and whether the hub drag was included. The reflex 
trailing edge and the hub each resulted in a maxirium loss of about 

2 percent. 

2. The functional characteristics of the propeller when utilizing 
centrifugal force and torque to control the pitch vrere very satisfactory) 
those when operating with aerodynamlcally atable blades were less so. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., March 25, 19^+2. 




Figure 1.- Propeller mounted for testing in the wind tunnel. Reflex trailing edge. 
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Figure 2.- Propeller blades. Conventional 
blade and blade with reflex trailing edge. 
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